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Abstract: Traditional educational systems and learning have been significantly impacted by the quick
growth of information and communication technology. Moreover, the learning process is increasingly
important for socioeconomic and business success in our modern society. Therefore, at present, cloud
computing is crucially important in connection with e-learning systems. The goal of this research is to
conduct a thorough assessment of scientific production in the field of e-learning and cloud technology
fields using the bibliometric analysis method’s quantitative approach in order to comprehensively
review and analyze the subject. The current study reviews the literature by focusing on specific
research areas and revealing certain trends. The research examines 637 articles published between
2007 and 2022 in the Web of Science database (WoS) using the VOSviewer software version 1.6.18
(Leiden University, The Netherlands) and bibliometrix R-package. The goal of this research is to
conduct a thorough assessment of scientific production in the field of e-learning and cloud technology
fields using the bibliometric analysis method’s quantitative approach to comprehensively review
and analyze the subject. Currently, there is no unified approach and extensive bibliometric review
that tackle both of these topics cohesively; thus, this research aims to fill this gap. The results
shed light on the structure, evolution, main trends, and effect of the research field of e-learning
systems based on cloud computing by intensively evaluating and analyzing the scientific output,
key contributions to the subject, and possible directions for future research. The most productive
country in terms of scientific knowledge and number of citations is China. It is noteworthy that
the interest of researchers comes from various regions of the world, while the most prolific authors
come from Serbia, Japan, and Romania. The average citation number per document is 6.8, while the
most citations were obtained by highly influential article about critical factors influencing learner
satisfaction for successful e-learning. Regarding the conceptual structure that assists researchers to
understand keyword evolution and trend, four clusters were identified, which reside around the
topics “Technology”, “Education”, “Delivery Systems” and “Cloud services”. Given these points,
the current study’s implications reveal the significance of e-learning technologies based on cloud
computing, along with the direct correlation between these two elements.

Keywords: bibliometric analysis; e-learning; smart learning; digital learning; smart education;
cloud computing

1. Introduction

At this point in time, Electronic-learning (E-learning) is a widely established method
of education. In general, E-Learning is becoming the preferred method of education in
the future [1] due to an increase in users, a variety of learning services, and the expansion
of educational content. A specifically created digital learning environment can facilitate
learning at the student’s convenience in terms of time, location, and speed [2]. Such
dedicated platforms can boost student engagement and result in better learning outcomes
with higher levels of satisfaction and competency.
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The concept of e-learning is one of the most cutting-edge educational technologies
available today, which substantially improves traditional learning systems with the aid of
electronic resources, software programs, and a virtual learning environment. In general, the
term “E-learning” has several different names and labels such as Distance Learning, Internet-
Based Training (IBT), Computer-Based Training (CBT), or Web-Based Training (WBT). There
are also several definitions for the concept in the scientific literature, which include:

• Any type of learning that contains web-based education and is made possible using
the internet service [3];

• Obtaining and using knowledge that is primarily facilitated and delivered by electronic
methods [4];

• Easing access to resources and services, as well as long-distance communications and
cooperation, which improves learning quality [5];

• A technology that is able to provide some or all of a course outside a set time and
location [6];

• Exploitation of Information and communication technology (ICT) in a variety of
educational processes to assist and improve learning in higher education institutions.
It can include ICT to supplement traditional classroom instruction, online learning, or
a combination of the two [7].

• In its most broad sense, any learning that is facilitated by electronic processes and
hardware [8].

All in all, e-learning enables the transfer of digitized knowledge from online sources
in the form of electronic educational materials for beneficiaries with the use of electronic
devices such as laptops, desktops, and mobile devices. The aid of non-electronic education
based on books and lectures is undoubtedly vital, but it is also important to recognize the
value and effectiveness of technology-based learning.

For this reason, platforms based on cloud computing technology can provide flexibility
and ease in the learning environment to complement conventional learning pedagogies
because of a number of inherent features. Additionally, with the capacity to dynamically
supply and de-provision computing resources as necessary, cloud computing enables
flexibility, scalability, pay-as-you-go, and measurable service.

In fact, it is challenging to provide a succinct description of the notion of cloud
computing because both academics and industry consultancy companies are continuously
examining the subject. In addition, the new resource is still in its early stages, and there is
no universally accepted definition. With this in mind, ref. [9] analyzed 36 definitions of
cloud computing technology with the intention of obtaining a proper overview of the topic.
Refs. [10,11] present cloud computing as a new paradigm that provides distinct features,
positive market prospects, and new opportunities.

All in all, in essence, cloud computing is a business model based on information
technology that is offered as a service over the Internet. It allows for the on-demand
delivery of hardware and software computing services to customers in a self-service
manner, regardless of device or location, with high levels of quality, in a dynamically
scalable, quickly provisioned, shared, and virtualized manner, and with little service
provider interaction.

Therefore, e-learning systems are perfectly suited for cloud computing. To be effective,
e-learning systems integrate people, pedagogy, and technology [12]. By the same token,
e-learning systems include the use of the internet along with other significant technologies
to create educational materials, instruct students, and manage courses within a company
or organization [13].

As an illustration, Figure 1 presents the simplified architecture of an e-learning system
based on cloud computing technology. The SaaS, PaaS, and IaaS acronyms are used with
the following interpretation:

• SaaS = Software as a service: user information, applications, business processes;
• PaaS = Platform as a service: programming processes, databases, execution;
• IaaS = Infrastructure as a service: network, servers, operating systems, storage.
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To put it another way, the development of a digitally literate workforce and the
satisfaction of the continuing demands of society for fast and lifelong learning skills offered
in increasingly convenient ways are made possible by e-learning [14]. Integrating materials
into e-learning platforms and facilitating easy access across platforms can greatly increase
the learning process and boost learning effectiveness.

Equally important, the recent advancements in cloud computing technologies have
transformed the Internet’s static nature into one that is highly dynamic, enabling users to
run various software applications and communicate effortlessly, exchange information,
create apps, or learn online. For this reason, cloud computing represents one of the newest
technological innovations that is expected to have a meaningful impact on the teaching and
learning process. Moreover, the need for e-learning in the corporate sector is continuously
rising, which creates more and more opportunities for higher education available online.

At the same time, e-learning processes generally need a lot of technology and software.
Coupled with the fact that many educational institutions cannot afford to make such
investments, cloud computing could be an appropriate solution. Of course, the installation
of an e-learning system based on cloud computing has certain unique challenges and
requires a particular strategy [15]. First, cloud computing systems are greatly scalable
which generates easy, simple, and straightforward resources for users. Secondly, clients do
not require any specialized understanding of the Cloud concept in order to use technology
to link their machines to the server where applications have been set up and are being used.

With this in mind, the uniqueness and strengths of this study are demonstrated by
the fact that it summarizes and reports the findings of important papers on the topic of
cloud-based technology for E-learning.

The current research includes 637 papers examined directly from the WoS database
applying the bibliometric research method to enhance our understanding and knowledge
of the subject. Due to its methodical approach to study selection, the bibliometric analysis
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presents a significant contribution to the field of cloud computing and e-learning research.
Additionally, the findings of the current research can be used to highlight the knowledge
gaps in the literature.

A bibliographic review is a research method that provides useful statistical analysis
and a comprehensive representation for researchers working on examining scientific knowl-
edge on a certain topic [16]. The approach, which is also known as science mapping, can be
used to study both broad areas of interest and more specific domains [17]. Furthermore,
the method is a useful tool for researchers to reconstruct and translate qualitative data into
quantitative data.

Thus, the current paper advances this research method considering that it offers a
thorough understanding of the e-learning system in direct relation to cloud computing
technology. Equally important, the study can serve as a future resource for academics.

With this in mind, the objective of this study is to analyze the research on e-learning
systems based on cloud computing that has been published between 2007 and 2022, by
proposing the following research questions:

RQ1: What is the frequency of scientific knowledge on e-learning systems based on cloud
computing?

RQ2: What are the leading countries/regions, research entities, funding agencies regarding
scientific production on e-learning systems based on cloud computing?

RQ3: What are the associated research topics and the main research clusters on e-learning
systems based on cloud computing?

RQ4: What are the significant future research directions in this field?

In effect, 637 articles from the WoS database and analyzed using the bibliometric
review approach to address these research questions. As a result, the information and
the meta-data linked to these publications was examined and investigated. The research
covered a variety of articles such as literature, including co-citation analysis studies and
descriptive statistics studies.

Generally speaking, the research’s findings helped us identify the fundamentals
influencing agents and patterns in e-learning and cloud computing processes, not to
mention the opportunity to complete the knowledge gaps. Overall, our study’s bibliometric
review is useful both for researchers and academics, in conjunction with business or
educational organizations.

The rest of this paper is structured in the following way: The next chapter evaluates
the literature review and the knowledge background. The methodology framework is then
explained along with the results of the papers. Finally, the discussions and conclusions
are presented in Section 6 clarifying the research’s findings. Section 6 also identifies the
limitations of the current paper.

To the authors’ knowledge, this study represents the first bibliometric analysis of
research on e-learning systems based on cloud computing. The primary contribution of
this research is that it provides a comprehensive assessment of the leading countries, orga-
nizations, publications, and authors, along with the most cited publications and upcoming
research agendas for E-learning systems based on cloud computing. Researchers may bene-
fit from this study since it provides a general understanding of the thoroughly examined
domain so that they can investigate new approaches in the area of cloud-based e-learning
systems. Furthermore, this research can also facilitate public and private universities and
research centers with a more profound understanding of the future directions regarding
the development of e-learning systems based on cloud computing.

Overall, our study’s bibliometric review is useful both for researchers and academics,
in conjunction with business or educational organizations.

2. Literature Review
2.1. E-Learning

In different situations, the phrase “E-learning” has distinct connotations [18]. However,
definitions of e-learning may be divided into two groups, the first of which focuses on the
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use of network technology. E-learning is described by [19] as “the use of internet technology
to offer a wide range of solutions that improve knowledge and performance.” E-learning is
described similarly by [20] as “the use of network technology to develop, distribute, choose,
administrate, and expand learning”.

The second group encompasses all forms of electronic media. Ref. [2] defined e-
learning as “the acquisition and application of information that is transmitted and assisted
principally through electronic methods.”

This type of learning is now reliant on networks and computers. E-learning, according
to [21], “includes teaching given by all electronic media, including the Internet, intranet,
satellite broadcasts, extranet, audio or video tape, interactive TV, and CD-ROM.”

The definition and methods of e-learning are discussed in terms of the junction of
education, teaching, and learning with information and communication technologies.
It is unquestionably inspired by two other fields: educational technology and distance
education. Both have made major contributions to the widespread use of ICT for academic
purposes, but neither is synonymous with e-learning (Table 1).

Table 1. Definitions of e-learning.

Definitions Based on Technology

“E-learning refers to the use of electronic media for a wide range of
educational goals ranging from supplementing traditional classroom
functions to completely replacing face-to-face interactions with online

encounters.” [22].

E-learning is a type of distance education that uses cloud resources [23].

Definitions based on Delivery Systems

E-learning refers to the delivery of education (including activities related
to educating, teaching, and learning) using electronic means [24].

E-learning is described as “the self-paced or real-time delivery of training
and education to an end-user device over the internet” [25].

“E-learning is the electronic transmission of a learning, coaching, or
teaching program” [26].

Definitions based on Communication

“E-learning implies learning that is based on information and
communication technology and includes pedagogical interactions among
students and the subject, students and the professors, or among students

over the web.” [27].

Definitions based on Educational Paradigm

“E-learning is described as the use of information and communication
technology to assist students in improving their learning” [28].

“E-learning relates to learning systems that use information and
communication technology to manage both asynchronous and

synchronous teaching and learning activities” [29].

As a study topic, e-learning continues to deepen and evolve its ideas and methods
in order to solve current educational difficulties from a didactical, methodological, and
technical standpoint [30]. The solutions developed to grow more fitted to the preferences
and teaching styles of the learners, more intelligent, boosting learning and teaching per-
formance, and more complicated, automating more and more learning programs. This
continual growth of e-learning is led by the pervasive use of technology, a properly devel-
oped technologically driven society, and as a result, increased needs of learners.

2.2. Cloud Services

Cloud computing is a new computer model that allows customers to access their
programs from anywhere, using any type of connected device. Cloud computing emerged
from grid computing, utility computing, and software as a service (SaaS) principles. It is a
new concept in which users may access their apps from any location at any time via their
linked devices. Users can see the cloud infrastructure that supports the apps thanks to a
user-centric interface.
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Cloud computing can boost resource usage and hence minimize IT hardware needs.
Furthermore, it has the potential to reduce global CO2 emissions through virtualization
at the hardware and software levels [31], allowing for resource abstraction for numerous
execution contexts.

Cloud services are classified into three major service models, each of which is regarded
as a layer in the cloud. The Infrastructure as a Service layer is the first (IaaS). The entire
IT infrastructure may be supplied as a service at this tier. The second tier is Platform as a
Service (PaaS), which is a virtual platform accessible via the internet that allows customers
to design and deploy applications. Software as a Service is the third layer (SaaS). SaaS is
the most basic layer in this category; it refers to on-demand access to a service through the
internet. The CSP offers a single cloud instance for numerous users at the SaaS layer.

New technologies pique the interest of academics not only because of their economic,
political, and socio-cultural impact but also because of their self-generation process, which
is abundantly visible in our day and age. Cloud computing is one of the outputs of
such a process, in which one technological solution or a mixture of many of them gives
birth to a new one. Cloud computing, as a collection of numerous technologies created
since the 1960s, has rapidly revolutionized the way people see computer resources in the
twenty-first century [32]. Cloud computing has grown as a future utility power by utilizing
homogeneous and worldwide networks based on common assets and protocols [33].

Cloud computing ascended to the status of a worldwide phenomenon by ushering
in the beginning of digitizing enterprises, government agencies, financial organizations,
schools and universities, medical facilities, homes, and other market actors [34–36]. Hard-
ware and software for information technology have never been more readily available than
they are now [37,38]. This sparked heated discussion among scholars and practitioners
on a wide range of topics related to cloud computing, the opportunities it opens, and the
impact it has on human existence.

According to our investigation, various studies have introduced and discussed the
advantages of using cloud systems in the e-learning process [39,40], while other studies,
such as [41,42], have initiated the variables that are affected in the educational process, such
as reliability and performance, as a result of using the cloud computing environment in the
education process. More researchers, such as in [43], presented a cloud-based e-learning
system that lacked a study on the attitude and strategy for migration to the suggested
cloud-based architecture. Another study [44] provided an e-learning environment based
on cloud computing; however, the given environment concentrated on exploiting existing
web services to deliver the required web applications, with no objective of developing the
necessary services throughout the learning process.

2.3. E-Learning Systems Based on Cloud Computing

With the massive increase in the number of students, educational content, services that
may be provided, and resources made available, the dimensions of e-Learning systems rise
at an exponential rate. The issues associated with this topic, such as optimizing resource
computation, communication, and storage demands, and coping with dynamic concurrent
requests, underline the importance of using a platform that satisfies scalable expectations
while also controlling costs. This refers to the cloud computing ecosystem.

With the advancement and application of technology, the introduction of cloud com-
puting provides e-learning with a unique opportunity to flourish (Figure 2). The school or
organization does not need to be concerned with the building of an e-learning software and
hardware environment, nor do they need to commit large cash and people and material
resources to build the system. All these concerns may be delegated to e-learning cloud
service providers who can tailor for users.
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Cloud computing may help e-learning systems by using:

• Infrastructure: include an e-learning alternative on the provider’s infrastructure;
• Platform: use and create an e-learning solution using the provider’s development

interface;
• Services: utilize the provider’s e-learning solution.

Because e-learning and cloud computing are two major concepts in academic research,
Table 2 displays fifteen previously published articles that have been analyzed in a specific
manner. In addition, the table lists the 15 most-cited e-learning and cloud computing
articles published between 2021 and 2022 (so far).

Table 2. Previous literature analysis.

Year Subject Area Reference Purpose Methodology/Sample Findings

2021
Education and

Educational
Research

[45]

It comprehensively
reviews the research

field of smart
learning.

It analyzes 555 smart
learning documents

from the Scopus
database using topic
modeling analysis.

The findings highlight
several major research

issues, including
interactive and

multimedia learning,
STEM education,
attendance, and

attention recognition,
blended learning for
smart learning, and

affective and biometric
computing.

2021
Computer

Science Materials
Science

[46]

It examines the
factors that impact
CC adoption (CCA)
by HE institutions

(HEIs) in India.

A total of 304 Indian
PUs, (65% of total
Indian PUs) are
surveyed using

questionnaire-based
research.

Significant contributing
aspects of CCA by
Indian PUs include

competitive advantage,
technological
compatibility,

technology readiness,
senior leadership
support, security

concerns, government
support, and vendor

support.
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Table 2. Cont.

Year Subject Area Reference Purpose Methodology/Sample Findings

2021
Education and

Educational
Research

[47]

It gives a theoretical
overview of the

layers of e-learning
cloud architecture

and the deployment
strategies for it in the
educational system.

In this study,
100 people evaluated
the teaching qualities
of Blackboard Learn.

The progress of training
content is the result of

the introduction of cloud
computing in education.

2022 Computer
Science [48]

It examines how the
performance of

employees’
e-learning programs

based on a
framework is
influenced by

IoT-based systems,
cloud-based services,
virtual classrooms,

evaluation tools,
attitude, content

management, and
creativity.

Using Smart PLS 3.2,
the research model

and the questionnaire
data have been

examined.

Virtual learning
environments,

cloud-based services,
IoT-based systems, and
evaluation tools are four
key elements that have a

substantial impact on
attitude, content

management, and
creativity.

2021 Computer
Science [49]

It examines
e-learning cloud

architecture
deployment types
and levels in the

educational system.

It included
60 participants and

looked at how
Blackboard Learn

functions as a teaching
tool.

A move to cloud
computing can advance
educational resources

and significantly
enhance student

academic performance.

2021 Computer
Science [50]

In this study, a novel
load-balancing

algorithm is
proposed.

To verify the
applicability of the

suggested algorithm,
two techniques are

used: (a) a simulation
experiment; and (b) a
real-case experiment

applied to the
e-learning system at
Helwan University.

The findings showed
that the students’ chosen
sector of e-learning had

a satisfaction rate
of 95.4%.

2021

Computer
Science

Engineering
Telecommunica-

tions

[51]

It offers a neural
network-based

methodology for
forecasting how

much computing
power e-learning

platforms will use.

In this instance, a
configured course and
its materials were on a

Moodle server that
had been deployed
inside of a Google
Virtual Machine.

The results gained pave
the way for developing

software tools for
providing computing

resources for e-learning
platforms on demand.

2022 Business and
Economics [52]

In order to suggest
suitable solutions, it
examines concerns

about the acceptance
and use of e-learning

technologies.

To impact the
recipient’s desire to

embrace and use cloud
computing, a

multi-dimensional
model was put forth.

The findings provide
evidence of the

proposed model’s
critical importance in

facilitating cloud
computing e-learning
adoption and usage.
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Table 2. Cont.

Year Subject Area Reference Purpose Methodology/Sample Findings

2022 Computer
Science [53]

Without taking a
comprehensive look

at applied
cryptographic

algorithms and their
actual application, it

concentrates on
particular aspects of

cloud computing
and online
education.

Using a systematic
study and exploratory

methodology, it
examines

cryptographic
methods used to
safeguard data

throughout the entire
spectrum of
end-to-end

cloud-based e-learning
services.

The results offer a
variety of criteria for

evaluating the
requirements of
cryptographic

approaches and propose
a framework for

multi-agent software
implementation across

an end-to-end
cloud-based e-learning

architecture.

2022 Computer
Science [54]

Uses an
unsupervised

learning model with
fixed-weight

Hamming and
Mexiannet to

identify malware
that targets
cloud-based

software solutions.

Investigated are
numerous attack
approaches and

malicious instructions
that target

unidentified files in
cloud services.

The study’s findings and
analysis offer a 94.05%

accurate evolution of the
unsupervised learning

detection technique.

Analyzing Table 2, different and diverse research methodologies utilized by researchers
can be seen in studies produced between 2021 and 2022. Because the concepts of “e-learning”
and ”cloud computing” are broad, how they are used varies by industry, and writers have
employed a variety of study approaches to better explain the benefits of these notions.

2.4. Acceptance and Use of Cloud-Based E-Learning

Over the past decade, most research on cloud computing adoption has focused on
the use of technology in corporate organizations rather than physical solutions. Previous
research in e-learning-based cloud computing has solely focused on the function of cloud
computing applications in higher education [55,56].

The acceptability of technology has been extensively studied in information systems
research. Several studies have been conducted to investigate behavioral intent, which is
cognizant of the user’s decision to adopt the technology. Several ideas have been developed
to explain the behaviors seen in various previous studies.

Although there has been an increase in interest in the adoption of cloud computing,
there has so far been a scarcity of studies in cloud-based e-learning, with the majority
of extant cloud studies being business-related. Thus far, most of the studies have been
conducted on corporate groups, and there has been minimal attention paid to educational
institutions. Furthermore, the intended respondents in past research studies were frequently
IT experts or technicians [57].

3. Materials and Methods

Nowadays, academic publications are being produced at an increasingly rapid rate.
This amplifies the difficulty for researchers, policymakers, public and private organizations,
or scholars to remain updated and be informed about the state of the art in a certain field.

Scientometrics focuses on the quantitative examination of the textual elements and
characteristics of scientific writing. It is regarded as the study of science [58]. The purpose
of scientometrics is to assess the growth of a scientific area, the impact of scientific journals,
authorship trends, and the methods used to produce scientific knowledge. Generally,
scientometrics is focused on examining the distribution of scientific production, evaluating
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research, and assessing the scientific contribution of authors, publications, and specific
publications. Consequently, researchers create methodological guidelines for extracting
data using techniques such as social network analysis, citation analysis, text mining, or
syndicated terminology analysis [58]. The research paradigms and new trends are revealed
by statistical indices derived from scientometric analysis, which are based on the breakdown
and identification of relationships between various articles [59]. Scientific literature is
frequently categorized in scientometric research utilizing abstracts, keywords, and titles.

Bibliometrics represents the branch of scientometrics that evaluates the production of
scientific documents using mathematical and statistical methods [60]. Recent years have
witnessed a rapid increase in the development of bibliometric analysis as a major scientific
endeavor, and bibliometrics have been extensively applied in a variety of research subjects,
such as business [61], cloud computing [62], computer science [63], food [64], manage-
ment [65], mathematics [66], smart learning [45,67], and many others. The bibliometric
analysis represents a critical component of study area development because it offers a
thorough audit trail to disseminate and validate current research while also paving the way
for new studies to be conducted [68].

The main objective of this paper is to investigate the knowledge area in e-learning sys-
tems based on cloud computing through bibliometric analysis. Thus, this research aims to
provide a critical overview of scientific knowledge and to highlight the trends and patterns
in e-learning systems based on cloud computing research, identifying the most significant
underlying ideas and knowledge gaps. The results highlight the structure, evolution, main
trends, and impact of e-learning systems based on the cloud computing research field by
rigorously determining and assessing the scientific output, the key contributions to the
subject, and the significant directions of future research.

To apply the bibliometric analysis, a protocol is required to allow researchers to
anticipate problems, avoid arbitrary judgments, uphold study integrity, and increase
responsibility [69]. Various protocols and research frameworks that can be applied in the
bibliometric analysis are presented in the literature: bibliometric analysis toolbox [70],
bibliometric protocol [60,71,72], and research design of bibliometric analysis [73–76]. The
bibliometric protocol of the present research is adapted by the authors after analyzing the
information from the above-mentioned sources and developing the specified frames to the
objectives of the current study (Figure 3).

Phase I of the bibliometric procedure represents the planning of the review process
that starts with research question formulation and data collection. The selected database for
document collecting was Clarivate Web of Science (WoS) because it is a very comprehensive
bibliographic data source [77], it is considered the most reliable database of publications
and citations in the world [78] and it covers a large time frame with a low percentage of
duplicated entries [77].

The next step represented a keyword search in WoS using the keywords: “e-learning”
AND “cloud computing” in the “All fields” section of the database. The search took place
on 19 September 2022 and 638 documents were generated. One document was an early
access article with the publication year 2023 and it was eliminated from the list, as the year
2023 has not started yet and no other indicators are available. Thus, the database consists
of 637 documents, published between 2007 and 2022.

Phase II of the bibliometric protocol consists in conducting the review process by
applying the following techniques:

• Descriptive statistics explore the development of yearly scientific production, the
distribution of publications regarding document type, areas of study, most prolific
authors, and the distribution of scientific knowledge in terms of countries/regions
and research entities.

• Performance analysis investigates the evolution of scientific knowledge related to the
citations recorded for the publications analyzed.

• Science mapping consists of three other subtopics: conceptual structure: co-word analysis;
intellectual structure: co-citation analysis and social structure: co-author analysis.
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Science mapping is achieved using the VOSviewer program (version 1.6.18, Lei-
den University, The Netherlands) and bibliometrix R-package. Using the visualization
of similarities (VOS) mapping technique, bibliometric networks are created based on
relationships between co-citations, co-authorships, or bibliographic coupling [79]. Addi-
tionally, it has text-mining capabilities for building co-occurrence networks of pertinent
phrases gathered from a variety of scientific publications [80]. The bibliometrix R-package
(http://www.bibliometrix.org, accessed on 2 October 2022) contains tools for conducting
quantitative research in bibliometrics and scientometrics, developed in R. The availability
of large, effective statistical algorithms, access to high-quality numerical routines, and
integrated data visualization capabilities are compelling reasons to choose R over other
languages for scientific computation [81].

Phase III of the bibliometric protocol refers to presenting the research findings, which
in this case consists of an extensive content analysis and evaluation of scientific production.
Finally, themes and potential topics for future research are determined and presented.

4. Results
4.1. Descriptive Statistics

This section of the research evaluates the most relevant characteristics of scientific
production, including an assessment of the development of yearly scientific production,
explores the distribution of publications regarding document type, areas of study, most

http://www.bibliometrix.org
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prolific authors, most productive journals, the distribution of scientific knowledge in terms
of countries/regions, research entities and funding agencies.

Table 3 presents the elements that depict the set of documents related to e-learning
systems based on cloud computing. The publications extend over a relatively short period
of time, namely 15 years, an indicator that the topic of e-learning systems and cloud
computing the researchers’ interest in this topic is recent and it is important to investigate
the knowledge production in this field. The annual growth range which is relatively
high (20.3%) and the average age of each document (6.25 years) confirm the novelty of
the topic and support the usefulness of studying it. It is remarkable the high number of
proceedings papers, which predominate in comparison to journal articles. With reference
to the collaboration between authors, most papers are co-authored, with approximately
three authors per paper suggesting a medium level of collaboration between authors.
Moreover, the interest in the field of e-learning systems and cloud computing arouses the
attention of authors from various countries, and the degree of international collaboration is
a significant one (18.37%).

Table 3. Descriptive elements of the set of documents (Source: Biblioshiny, based on WoS data).

Description Results

MAIN INFORMATION ABOUT DATA
Timespan 2007:2022

Sources (Journals, Books, etc.) 480
Documents 637

Annual Growth Rate % 20.3
Document Average Age 6.25

Average citations per doc 6.826

DOCUMENT CONTENTS
Keywords Plus (ID) 276

Author’s Keywords (DE) 1687

AUTHORS
Authors 1709

Authors of single-authored docs 77

AUTHORS COLLABORATION
Single-authored docs 77
Co-Authors per Doc 3.25

International co-authorships % 18.37

DOCUMENT TYPES
article 148

article; book chapter 6
article; early access 5

meeting abstract 1
proceedings paper 472

review 5

4.1.1. Annual Scientific Production

To present an answer to research question number 1 (RQ1), a rapid increase in the volume
of research on e-learning systems based on cloud computing during the period 2009–2014
(Figure 4) has been observed. After this date, the evolution of scientific production in the
analyzed topic experienced significant fluctuations. In 2020, the number of publications
decreased. This coincided with the onset of the global COVID-19 pandemic, which led to the
imposition of restrictions on access to the traditional education system and its replacement
with online learning. Thus, research in the field has mainly focused on online learning which
has gained much attention, while the term e-learning has been included less and less as a
keyword in publications over the last three years.
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4.1.2. Research Area Distribution

A multidisciplinary study is being conducted on the topic of e-learning and cloud com-
puting. Given that it has evolved as a result of many different fields, its study is complex.
Figure 5 illustrates the main subject areas (WoS categories) into which scientific production
is classified on e-learning and cloud computing during the 2007–2022 period. It is worth
mentioning that the same document can be included in various categories that seem appro-
priate for the research undertaken and this aspect can bias partial and total data. E-learning
systems and cloud computing can be applied in various domains, and therefore theoretical
and practical research on this topic has been recorded in many WoS categories. Most
published documents were included in the following subject areas: “Computer science”
(64.7%), “Engineering” (28.6%), “Educational Research” (27.8%), “Telecommunications”
(11%), and “Business Economics” (3.1%). The results for the research area distribution
related to this topic indicate that the main concerns of the scholars aim towards technology
and delivery systems, rather than communication and education.
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4.1.3. Type of Scientific Production

As presented in Table 3, most of the scientific production on e-learning systems based
on cloud computing consists of proceedings papers, namely 74.09% of total documents.
Only 148 of the publications are articles (23.23%) and the remaining 2.67% consist of book
chapters, early access articles, meeting abstracts, and review papers. Being a relatively
recent field, the authors rely more on short communication papers and empirical research,
than on detailed data analysis and evaluation of the field. This finding can constitute a
future research direction for authors studying these topics.

4.1.4. Most Prolific Authors

Based on the data retrieved from WoS, 1709 authors published a minimum of one
paper on the documented topic, and 77 papers were single-authored. Table 4 presents the
10 most prolific authors in the field of e-learning and cloud computing. These writers
produce cutting-edge papers that considerably broaden scholars’ and practitioners’ under-
standing. A diversity of countries of affiliation of the authors can be observed, studies on
the analyzed field come from all continents, with the exception of Africa. It is noteworthy,
therefore, that the interest of researchers from various regions for studies on e-learning and
cloud computing, but also the fact that this topic is approached especially by young authors,
usually at the beginning of their careers, who have noticed the importance and practical
applicability of research on this topic. The most productive authors are Bogdanovic Zorica,
from University of Belgrade, Serbia; Kanenishi Kenji from Kagawa University, Japan; Liu
Leyuan, affiliated at Central China Normal University, China; Suciu George from Univer-
sity “Politehnica” of Bucharest, Romania and Togawa Satoshi from Shikoku University,
Japan, each with six published documents.

Table 4. Most prolific authors.

Rank Author P C Affiliation Country H-Index

1 Bogdanovic,
Zorica 6 21 University of

Belgrade Serbia 20

2 Kanenishi,
Kenji 6 10 Kagawa

University Japan N/A

3 Liu, Leyuan 6 26
Central China

Normal
University

China 10

4 Suciu, George 6 7
University

“Politehnica”
of Bucharest

Romania 24

5 Togawa,
Satoshi 6 10 Shikoku

University Japan N/A

6 Ding, Zhijun 5 23 Tongji
University China N/A

7 Kinshuk 5 19 The University
of North Texas USA 60

8 Simić,
Konstantin 5 35 University of

Belgrade Serbia 9

9 Antonopoulos,
Nikos 4 21 Ionian

University Greece 7

10 Caballé, Santi 4 142 UniversitatOberta
de Catalunya Spain 27

P = Number of publications; C = Citations for the documents included in the analysis set; N/A = Not available.

4.1.5. Most Productive Publishers

It was found that 85 journals and conference proceedings published 637 articles on the
topic of e-learning systems based on cloud computing. Table 5 lists the top 10 publishers
and the top 10 journal sources in order of the number of articles published in each of them.
In the top 10 most productive publishers, 491 papers, or 77.08% of the total, were published.
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The proceedings of the IEEE International Conference on Granular Computing published
the most papers, totaling 244 (38.3%). The most productive journal is the International
Journal of Emerging Technologies in Learning with a total of eight articles. As noted in the
type of scientific production analysis, most scientific production in the field of e-learning
systems based on cloud computing was disseminated during conferences and accordingly,
published in the conference proceedings.

Table 5. Most productive publishers.

Main Publishers Main Journals

Publishers N.D. % of
Total Journal Sources N.A. % of Total

1
IEEE (IEEE International
Conference on Granular

Computing (GrC))
244 38.30 1

International Journal of
Emerging Technologies in

Learning
8 1.26

2 Springer Nature 108 16.95 2 IEEE Access 7 1.10

3 Elsevier 31 4.87 3
Workshop on Learning

Technology for Education
in Cloud (LTEC’12)

7 1.10

4

Carol I Natl Defence Univ
Publishing House

(International Scientific
Conference on eLearning

and Software for
Education)

27 4.24 4
International Journal of
Advanced Computer

Science and Applications
6 0.94

5

Iated-Int Assoc
Technology Education &

Development
(International Conference

on Education and New
Learning Technologies)

24 3.77 5 Quality and Efficiency in
E-learning, vol 2 6 0.94

6
Assoc. Computing

Machinery (International
Conference)

16 2.51 6 2012 IEEE Conference on
Open Systems (ICOS 2012) 5 0.78

7 Mdpi 14 2.20 7 Applied Sciences-Basel 5 0.78

8

IATED-INT Assoc
Technology Education A&

Development
(International Conference)

10 1.57 8 Education and
Information Technologies 5 0.78

9 Wiley 10 1.57 9

Future Generation
Computer Systems-The
International Journal of

Escience

5 0.78

10 Igi Global 7 1.10 10 Image and Video
Technology (PSIVT 2017) 5 0.78

N.D. = Number of Documents; N.A. = Number of Articles.

4.1.6. Distribution of Scientific Knowledge: Countries/Regions, Research Entities,
Funding Agencies

The last step of the descriptive statistics analysis, as well as the answer to research
question number 2 (RQ2) is represented by the investigation of how scientific knowledge
is distributed according to country or region of authors’ affiliation and research entities.
Regarding the distribution of scientific knowledge based on countries, 83 countries were
obtained in which the authors of the papers are affiliated, and five of the documents do
not contain data in the analyzed field. The main 10 countries according to the number of
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publications and, respectively, according to the number of citations are presented in Table 6.
It is found that the most productive country in terms of scientific knowledge and number of
citations is China, which registers 250 publications on this subject and 1934 citations, with
an average of almost 16 citations per article. The following countries from the investigation
made regarding the number of publications are India (n = 84), Romania (n = 72), and
Saudi Arabia (n = 65). It is noted that these states are among those that also offer facilities
regarding internet services provided to the population, namely high-speed and relatively
accessible internet for residents. Thus, the concerns of researchers in the field of e-learning
systems based on cloud computing are based on the existing situation in the countries
where they are affiliated. Regarding the number of citations, apart from China, but at a
great distance from it, there are the United Kingdom (n = 216), India (n = 202), Germany
(n = 188), and Greece (n = 184).

Table 6. Distribution of scientific knowledge: countries/regions.

Number of Publications Number of Citations

Country N. of Documents % of Total Country TC Average Article
Citations

1 China 250 39.25% 1 China 1934 15.85

2 India 84 13.19% 2 United
Kingdom 216 9.39

3 Romania 72 11.30% 3 India 202 4.49
4 Saudi Arabia 65 10.20% 4 Germany 188 11.75
5 Spain 49 7.69% 5 Greece 184 20.44
6 Malaysia 38 5.97% 6 Spain 174 6.96
7 USA 34 5.34% 7 Malaysia 133 6.05
8 UK 32 5.02% 8 Saudi Arabia 107 3.82
9 Germany 30 4.71% 9 Italy 90 8.18
10 Japan 30 4.71% 10 Egypt 89 8.09

Electronics 2023, 12, x FOR PEER REVIEW 16 of 27 
 

 

 
Figure 6. Affiliations’ Production over Time (Source: Biblioshiny). 

4.2. Performance Analysis 
Citation Analysis 

The evolution of the number of citations for the publications included in the data set 
is highlighted in Figure 7. The total number of citations is 4379, recorded since 2008, and 
the average citation number per document is 6.8. There is an upward trend in most of the 
years for which there is information, except in 2020, in which there was a slight decrease 
in research related to e-learning systems based on cloud computing, as well as in 2022, a 
year that is still open to publications, and the number of articles and citations can be up-
dated. Most citations were obtained by Sun et al.’s work [82] regarding critical factors 
influencing learner satisfaction for successful e-learning. The results revealed that learner 
computer anxiety, instructor attitude toward e-learning, e-learning course flexibility, e-
learning course quality, perceived usefulness, perceived ease of use, and diversity in as-
sessments are the major factors influencing students’ perceived satisfaction with learning 
[82]. This work recorded 1135 citations in WoS alone, which sums approximately 25% of 
the total citations recorded for the entire data set. 

 
Figure 7. Citation analysis. 

Figure 6. Affiliations’ Production over Time (Source: Biblioshiny).

Regarding the research entities to which the authors of the published works are
affiliated, following the analysis performed, were obtained 735 entries, while five records
do not contain data in the field being analyzed. Therefore, it is noted that there is a diversity
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of research entities in which scholars analyze this topic and it is also noted that some of the
authors are affiliated with several research centers, public or private institutions for which
they conduct research. The main research entities according to the number of published
articles are presented in Figure 6, and the evolution of the number of articles during the
analyzed period is also highlighted. The biggest increases in recent years were recorded
in the case of Central China Normal University from Wuhan, China, and King Khalid
University, from Abha, Saudi Arabia, countries that are also in the ranking of the most
productive countries.

4.2. Performance Analysis
Citation Analysis

The evolution of the number of citations for the publications included in the data set
is highlighted in Figure 7. The total number of citations is 4379, recorded since 2008, and
the average citation number per document is 6.8. There is an upward trend in most of the
years for which there is information, except in 2020, in which there was a slight decrease in
research related to e-learning systems based on cloud computing, as well as in 2022, a year
that is still open to publications, and the number of articles and citations can be updated.
Most citations were obtained by Sun et al.’s work [82] regarding critical factors influencing
learner satisfaction for successful e-learning. The results revealed that learner computer
anxiety, instructor attitude toward e-learning, e-learning course flexibility, e-learning course
quality, perceived usefulness, perceived ease of use, and diversity in assessments are the
major factors influencing students’ perceived satisfaction with learning [82]. This work
recorded 1135 citations in WoS alone, which sums approximately 25% of the total citations
recorded for the entire data set.
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4.3. Science Mapping
4.3.1. Conceptual Structure: Co-Word Analysis

The purpose of the co-word analysis is to map and cluster terms collected from
keywords, titles, or abstracts in a bibliographic collection using a word co-occurrence
network [83]. Therefore, research question number 3 (RQ3) is answered with the help of
Figure 8 which illustrates the network visualization map developed using VOSviewer using
co-occurrence as a type of analysis. The selected method was full counting, all keywords
were selected as the unit of analysis and the minimum number of occurrences of a keyword
was set at 10. The generated map divided the keywords into four clusters (red, green, blue,
and yellow), generating 28 items and 175 links with a total link strength of 715. Noticeably,
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the most used words are cloud computing, with 288 occurrences, and e-learning with
268 occurrences, followed by education (47 occurrences), security (22 occurrences), and big
data (19 occurrences).
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Content analysis for the four generated clusters is performed in Table 7. Cluster 1,
illustrated by the red color, incorporates research topics related to “Technology” regarding
e-learning systems based on cloud computing and includes eight keywords. Cloud com-
puting is a new technological advancement that is expected to have a significant impact
on the teaching and learning process. Moreover, the need for e-learning in the private
organizations and corporate sector is increasing, making more chances for higher education
available online. Thus, the research aimed at studying “cloud”, “internet”, “management”
or “performance” is proof of researchers’ concerns of in the field of technology development
on the aforementioned topic.

Cluster 2 is illustrated by the green color and includes ought keywords referring to
“Education”. The main keywords used are “determinants”, “education”, “framework”,
“higher education”, and “technology”. The researchers’ interest in this area derives from
the fact that e-learning is one of the most advanced educational technologies accessible
today, significantly improving traditional learning systems through the use of electronic
resources, software applications, and a virtual learning environment. Its importance and
higher education are investigated in various research, but it still represents a topic of future
development.

Cluster 3, highlighted by the blue color groups six keywords referring to “Delivery
Systems” regarding e-learning systems based on cloud computing. Delivery systems
aid learning and performance improvement by designing, implementing, and managing
appropriate technological resources and processes. Therefore, the researchers’ enthusiasm
for “Big data”, “learning management system”, “machine learning”, or “mobile learning”
is an indication of the relevance of this research area in the investigated field.



Electronics 2023, 12, 62 19 of 27

Table 7. Author keyword clusters.

Cluster Keywords Research Area Occurrences Total Link
Strength

1 (red)–8 items

Cloud

Technology

25 32
Internet 14 22

Management 16 34

Ontology 12 20
Performance 14 32

Students 14 20
System 18 38
Systems 10 21

2 (green)–8 items

Adoption

Education

11 31
Architecture 14 31

Determinants 11 28
Education 47 86

Framework 11 26
Higher

education 18 29

Model 17 40
Technology 16 38

3 (blue)–6 items

Big data

Delivery
Systems

19 26
Collaborative

learning 10 15

E-learning 268 338
Learning

management
system

10 19

Machine
learning 10 12

Mobile learning 11 13

4 (yellow)–6
items

Cloud
computing

Cloud Services

288 335

M-learning 10 21
Paas 10 27
Saas 16 43

Security 22 28
Web services 12 25

Cluster 4 incorporates six keywords related to the research topics “Cloud services”,
namely “cloud computing”, “M-learning”, “Paas”, “Saas”, “security”, and “web services”.
Academics are interested in investigating these cloud services not only because of their
influence on various economic, political, and socio-cultural activities but also because of
their self-generation process, which is obvious in modern times. Cloud computing is the
result of combining one or several technical solutions.

Generating a co-word analysis evolution graph assists researchers to understand
keyword evolution and trend. Such a graph depicts changes in keyword frequency, al-
lowing for the selection of the most appropriate title when performing a literature review
or identifying a new study topic. Figure 9 depicts the evolution of the visualization map
generated on e-learning systems and cloud computing based on co-occurrence terms. It
is noted that keywords related to “Educational Paradigm” integrate more recent research
in the field, presenting keywords that are found in publications after 2018. In contrast,
keywords related to “Technology” and the architecture of an e-learning system based on
cloud computing technology were very prominent in 2014–2015, but they were no longer
found in the newly published research.
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Moreover, analyzing the thematic evolution of authors’ keywords using the bib-
liometrix R-package, a similar trend is found (Figure 10). Thus, at the beginning of the
analyzed period, namely before 2016, the emphasis was placed on research related to
the technology and architecture of an e-learning system based on cloud computing tech-
nology, being portrayed as one of the newest technological innovations. After 2017, the
focus is placed especially on users, namely the educational paradigm, targeting students,
implementation, and determinants of e-learning based on cloud computing.
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4.3.2. Factorial Analysis

The multiple correspondence analysis (MCA), available in the bibliometrix R-package,
is an exploratory multivariate technique used to analyze multivariate categorical data
graphically and numerically. In order to obtain a low-dimensional Euclidean representation
of the original data, MCA homogeneity analyses an indicator matrix. A Document x Word
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matrix A is subjected to co-word analysis using MCA. An outline of the words is drawn on
a two-dimensional map. Based on the relative placements of the dots and their distribution
along the dimensions, the findings are interpreted; the closer the words are depicted in the
map, the more similar their distribution is [84].

MCA was used for factorial analysis between e-learning systems and cloud computing.
Based on MCA from Biblioshiny, the selected Field option was “Keywords plus” and for
method parameters: the number of terms was set to 50 and the number of clusters was set to
four, illustrating the most commonly used author keywords. Figure 11 illustrates that key-
words related to “technology”, grouped in the green cluster, and “educational paradigm”,
grouped in the red cluster, were frequently used in similar topics. In contrast, keywords
related to “user perception”, grouped in the purple cluster are used less frequently, which
indicates a future research direction for this field.
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4.3.3. Intellectual Structure: Co-Citation Analysis

Bibliographic coupling, which happens when two papers cite the same work, can show
the relative merits of a certain publication to a collection of related works. This approach
can be used with documents, journals, authors, institutions, and countries. Analyzing the
bibliographic coupling of contributors allows scholars to see which works and authors
are connected by repeated citations. For the current research, we carried out a co-citation
analysis using the VOSviewer software, aimed to highlight the most-cited papers and
to depict the bibliographic coupling between them in order to evaluate the influence of
publications over time. Figure 12 presents the network visualization map developed based
on the full counting method and cited references as the unit of analysis in VOSviewer.
The minimum number of occurrences of a cited reference was set to 10 and 27 results
were generated. These formed 212 links, with a total link strength of 21. The most cited
references by other authors who published in the same field of e-learning systems based on
cloud computing are [83,84].
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4.3.4. Social Structure: Co-Author Analysis

Figure 13 displays the collaboration map based on co-authorship analysis, aiming
to investigate the prominent authors who published their research on e-learning systems
and cloud computing. Full counting was selected as the counting method, the unit of
analysis was authors and the minimum number of documents of an author was set at four.
The search criteria generated 18 results (authors)but there were only 4 connections found
between them. For this reason, the generated map was left without the links between
authors. The main conclusions are that there is no close collaboration between groups of
authors on the investigated topic, the formed teams did not publish more than one paper,
and the authors who researched this field have a limited number of papers, mainly due
to the rather limited period in which you can find publications with the two concepts
combined. Moreover, Figure 13 highlights the main authors according to the period in
which they were most prolific. Thus, in the years 2013–2014, authors from Serbia were
more prolific, and from 2017, authors from Saudi Arabia and China stand out.

4.4. Future Research Directions

The generated results may be scalable by incorporating more datasets and visualization
tools. Other useful visualization tools could be used, such as Gephi, Pajek, or Bibexcel.
As a result, valuable results may be generated in order to provide particular responses to
research questions. In the near future, a deeper evaluation could be carried out by involving
other databases to obtain more data insights on the search themes. The addition of new
materials and sources can increase the scope of study and the subject’s scalability. The
outcomes of the research can be applied to a variety of fields. The research findings include
a wide range of industries, including public, commercial, government, semi-government,
and private firms. This study could assist academics by offering research frameworks
and practical and theoretical foundations that improve research productivity in e-learning
systems based on cloud computing. The findings of this study, including the research
framework, may be of interest to various fields interested in implementing a development
that leads to the formation of valuable analysis.
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5. Discussion and Limitation

In recent years, the development of modern disruptive technologies (e.g., the Internet,
social media, and smartphones) have boosted the changes in education processes and
methods for acquiring knowledge. Similarly, there can be observed ongoing transitions
and innovations in practices related to business management, communication, and work
organization due to technological evolutions.

Digital tools are used in e-learning for both teaching and learning. E-learning makes use
of modern tools to let students study wherever they are and whenever they choose. Moreover,
e-learning involves instruction, knowledge transfer, and feedback. It encourages students to
engage in conversation, share ideas, and respect opposing viewpoints, as well as facilitates
communication and strengthens the bonds that support learning. E-learning can also improve
the standard of instruction. Online workshops, simulations, and visualizations are being used
in an increasing number of programs to give students practice and aid in their comprehension
of difficult concepts. In other instances, technology is applied in traditional lecture classes to
improve interaction with a traditionally passive audience.

As a result, the efficiency of learning is directly correlated with user interaction. There
is little doubt that cloud computing can improve how e-learning is being performed and
can be considered an important alternative from the educational perspective. In effect, the
key benefits of cloud computing include meeting demands for rapid storage growth, cost
control and flexibility, quick implementation, and improved management.

Furthermore, higher education is currently transitioning from conventional methods
to smart learning. To this end, the current work uses science mapping and bibliometrics to
analyze 637 publications on e-learning and cloud computing to identify the key topics and
their dynamics. The current dispersion of the yearly number of publications on e-learning
indicates a sharply rising interest in this research area. In short, these results illustrate a
positive research development trend.

The findings and conclusions are restricted and are not meant to be exhaustive. With
this in mind, it must be acknowledged that SCI/SSCI journals follow strict journal review
criteria. Specifically, new research articles may take up to two years to be published after
they are submitted.
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Additionally, the SCI/SSCI database does not include educational conference proceed-
ings Therefore, it is possible that the results of this study may not represent the most recent
research trends. All things considered, effectively improving the current working system
is critical because educational institutions are expanding daily, creating a gap between
educational organizations and industrial requirements. In conclusion, technological ad-
vances such as cloud computing can fill the gap by providing users with either free or paid
training without incurring any additional costs.

6. Conclusions

The science mapping methodology is a laborious and continuous project that is difficult
to control and organize from the research knowledge since research might change over time in
its primary theme area and shift to other research fronts without impacting its initial category.
At the same time, as the corpus of papers and studies expand, this research can also be
updated using the same approach, creating new overlays and finally improving the topic.

The primary objective of this paper was to investigate the knowledge domain in
e-learning systems based on cloud computing using bibliometric analysis. Thus, the goal
of this research, which was to provide an essential overview of scientific knowledge and to
emphasize trends and patterns in cloud computing-based e-learning systems, identifying
the most significant underlying concepts and knowledge gaps, respectively, has been
achieved. The findings highlighted the structure, evolution, main trends, and impact of the
research field of e-learning systems based on cloud computing by intensively determining
and evaluating the scientific output, key contributions to the subject, and potential future
research directions.

Given these considerations, the current study’s implications highlight the significance
of cloud-based e-learning technologies, as well as the direct relationship between these two
elements.

In the end, this research helps to fully understand the connection between the field of
e-learning and cloud computing. The current paper contributes to the research community
by helping academics, researchers, decision-makers, and practitioners improve the past,
present, and future knowledge framework of e-learning and cloud computing technologies.
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77. Pranckutė, R. Web of Science (WoS) and Scopus: The Titans of Bibliographic Information in Today’s Academic World. Publications
2021, 9, 12. [CrossRef]

78. Birkle, C.; Pendlebury, D.A.; Schnell, J.; Adams, J. WebofScienceasadatasourceforresearchonscientificandscholarlyactivity. Quant.
Sci. Stud. 2020, 1, 363–376. [CrossRef]

79. Van Eck, N.J.; Waltman, L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 2010, 84,
523–538. [CrossRef] [PubMed]

80. MoralMuñoz, J.A.; HerreraViedma, E.; SantistebanEspejo, A.; Cobo, M.J. Software tools for conducting bibliometricanalysisin-
science: Anup-to-datereview. Prof. Inf. 2020, 29, e290103. [CrossRef]

81. Aria, M.; Cuccurullo, C. Bibliometrix: An R-tool for comprehensive science mapping analysis. J. Informetr. 2017, 11, 959–975.
[CrossRef]

82. Sun, P.-C.; Tsai, R.J.; Finger, G.; Chen, Y.-Y.; Yeh, D. What drives a successful e-Learning? An empirical investigation of the critical
factors influencing learner satisfaction. Comput. Educ. 2008, 50, 1183–1202. [CrossRef]

83. Sultan, N. Cloud computing for education: A new dawn? Int. J. Inf. Manag. 2010, 30, 109–116. [CrossRef]
84. Dong, B.; Zheng, Q.; Yang, J.; Li, H.; Qiao, M. An e-learning ecosystem based on cloud computing infrastructure. In Proceedings

of the 2009 Ninth IEEE International Conference on Advanced Learning Technologies, Riga, Latvia, 15–17 July 2009; pp. 125–127.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.22111/ijfs.2021.6252
http://doi.org/10.1186/s40561-020-00145-4
http://doi.org/10.3390/su132212822
http://doi.org/10.1111/ijcs.12695
http://doi.org/10.1016/j.jbusres.2021.04.070
http://doi.org/10.1016/j.eswa.2021.115561
http://doi.org/10.24818/EA/2022/60/410
http://doi.org/10.1016/j.ijinfomgt.2020.102307
http://doi.org/10.3390/su12145792
http://doi.org/10.1016/j.emj.2020.09.007
http://doi.org/10.1016/j.emj.2021.01.002
http://doi.org/10.3390/publications9010012
http://doi.org/10.1162/qss_a_00018
http://doi.org/10.1007/s11192-009-0146-3
http://www.ncbi.nlm.nih.gov/pubmed/20585380
http://doi.org/10.3145/epi.2020.ene.03
http://doi.org/10.1016/j.joi.2017.08.007
http://doi.org/10.1016/j.compedu.2006.11.007
http://doi.org/10.1016/j.ijinfomgt.2009.09.004

	Introduction 
	Literature Review 
	E-Learning 
	Cloud Services 
	E-Learning Systems Based on Cloud Computing 
	Acceptance and Use of Cloud-Based E-Learning 

	Materials and Methods 
	Results 
	Descriptive Statistics 
	Annual Scientific Production 
	Research Area Distribution 
	Type of Scientific Production 
	Most Prolific Authors 
	Most Productive Publishers 
	Distribution of Scientific Knowledge: Countries/Regions, Research Entities, Funding Agencies 

	Performance Analysis 
	Science Mapping 
	Conceptual Structure: Co-Word Analysis 
	Factorial Analysis 
	Intellectual Structure: Co-Citation Analysis 
	Social Structure: Co-Author Analysis 

	Future Research Directions 

	Discussion and Limitation 
	Conclusions 
	References

